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BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


CuHIcAGO MEETING, NOVEMBER 25-26, 1938 


HE 223rd regular meeting of the American 
Physical Society will be held in Chicago, 
Illinois, on Friday and Saturday, November 25 
and 26, 1938. The sessions on Friday and Satur- 
day will be held at the University of Chicago 
in Eckhart Hall and the Ryerson Physical 
Laboratory. 


Dinner. On Friday evening, November 25, at 
seven o'clock there will be a joint dinner with the 
Chicago Physics Club held at the International 
House on the University Campus. The tickets 
will be $1.65 each and should be purchased before 
Friday noon. After the dinner an address will be 
given by Lord Russell of England on ‘“‘Deter- 
minism in Physics.”’ This address will be held in 
the Auditorium of the International House im- 
mediately after the dinner. 


Headquarters. The Windermere Hotel, 1642 
East 56th Street, near the campus, has been 
selected as hotel headquarters. Reservations 
should be made directly with the hotel. The rates 
are as follows: single rooms, $3.50; double rooms, 
$5.00. 


Railroad Rates. Members should consult with 
their local passenger agents before purchasing 
tickets. 


Annual Meeting. The preliminary arrange- 
ments of the Washington program include a 
joint dinner with the American Association of 
Physics Teachers on Wednesday evening, De- 
cember 28. There will also be an address by the 
President of the American Physical Society, 
Dr. Lyman J. Briggs, on Wednesday afternoon, 
December 28. The subject of this address will be 


“The National Standards of Measurements” and 
it will be followed by an inspection of the 
standards in the laboratories. 


GENERAL RULES RELATING TO PAPERS 


Only those titles of papers shall be listed on 
the preliminary program of a meeting of the 
Society for which abstracts ready for publication 
are in the hands of the Secretary. 

On December 28, 1936, the Society voted that: 

No papers may be accepted for presentation at any 
meeting of the Society subsequent to the closing date 
stated in the printed call for that meeting. 

When two or more papers are offered by the 
same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. (A 
paper presented by two or more authors is 
assigned to the first named author.) 

All supplementary papers will be grouped 
according to subject matter and will be called for 
at their appropriate sessions only, these sessions 
to be designated on the program. The presiding 
officer may assign a reduced time to these papers 
or may in his discretion call for them to be read 
by title only. 

Except by special vote of the Society, the 
maximum allowance of time for the presentation 
of a paper shall be ten minutes. The presiding 
officer shall enforce this rule. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. These 
abstracts have not been corrected by the authors. 
After correction the abstracts will be published 
in an early number of the Physical Review. Au- 
thors should send corrections to the Publications 
Manager, The American Institute of Physics 
Incorporated, 175 Fifth Avenue, New York, N.Y. 


AMERICAN PHYSICAL SOCIETY 


Other meetings for the current season are as 227. Washington, D. C. April, 1939. 
follows: 228. Pacific Coast. June, 1939. 


224. December 19-20, 1938. Los Angeles, 229. June, 1939. Summer meeting. 
California. 

225. December 27-29, 1938. Annual Meeting. 
Washington, D. C. 

226. February 24-25, 1939. New York, N. Y. November 9, 1938. 


W. L. SEVERINGHAUs, Secretary 
Columbia University, New York, N. Y. 


CALENDAR 


Friday morning, November 25 ner with the Chicago Physics Club: 
9:30 o’clock: Ryerson 27: Meeting of the Speaker: Lord Russell on Determinism 
Council in Physics. 
10:00 o’clock: Eckhart 133: Papers 1-7. See 
pages 5-6. Saturday morning, November 26 
10:00 o’clock: Eckhart 133: Papers 24-31. See 
pages 10-11. 
10:00 o’clock: Ryerson 32: Papers 32-39. See 
pages 11-13. 


Friday afternoon, November 25 
2:00 o’clock: Eckhart 133: Papers 8-15. See 
pages 6-8. 
2:00 o’clock: Ryerson 32: Papers 16-23. See 


pages 8-9. Saturday afternoon, November 26 


Friday evening, November 25 2:00 o’clock: Eckhart 133: Papers 40-48. 
7:00 o’clock: International House: Joint din- See pages 13-15. 


PROGRAM 


FRIDAY MORNING AT 10:00 o’CLOCK 


Eckhart 133 


1. Cloud Chamber Analysis of Barytron Secondaries.* 
J. I. Hopkins, West Georgia College; W. M. NIELSEN AND 
L. W. NorpHerm, Duke University—A study has been 
made of the secondary particles produced by the penetrat- 
ing radiation (barytrons) filtered by 274 g/cm? of iron in 
(a) a 0.82 cm lead plate and (b) three spaced 0.31 cm plates 
in a G. M. controlled cloud chamber. The results are as 
follows: 

(a) Number of secondary particles per 
traversal 1 3 4 
Number of events 49 2 3 1 
Relative numbers per plate 8.7 0.35 0.53 0.17 
80 8 3 1 


(b) Number of events 
82 08 0.1 


Relative numbers per plate 
The two series of observations are in very good agreement 
and show that the number of single secondaries is not 
increased significantly by increasing the plate thickness 
from 0.31 cm to 0.82 cm. This result is consistent with the 
small number (5) of secondaries which also penetrate the 
plate below. Practically all of the observed secondaries 
can be explained by assuming that they are produced by 
direct collisions between barytrons and atomic electrons 
with no further processes (radiative or unknown) involved. 
* To be read by title. 


2. On World-Wide Changes in Cosmic-Ray Intensity. 
S. E. Forsusn, Department of Terrestrial Magnetism, 
Carnegie Institution of Washington. (Introduced by J. A. 
Fleming.)—Results of continuous cosmic-ray records from 
Compton-Bennett meters at Cheltenham (United States), 
Teoloyucan (Mexico), Christchurch (New Zealand), and 
Huancayo (Peru), are reduced to a constant barometric 
pressure. After deducting a 12-month wave at each station 
except at Huancayo, where none is found, the high correla- 
tion (r =0.90) between the means of cosmic-ray intensity 
for each one-third month at any two of these four stations, 
definitely indicates the major changes in cosmic-ray 
intensity are world-wide. By using also published data from 
the Hafelekar, Austria, the world-wide changes, expressed 
in percent of the absolute intensity at each station, are 
found to increase rapidly with altitude for stations at the 
same latitude and, for stations at high altitude, to increase 
rapidly between the equator and geomagnetic latitude 
30° north, without much further increase to 47° north. The 
mechanism responsible for the world-wide effect is probably 
connected with that causing the world-wide decrease in 
intensity observed during some magnetic storms. The ob- 
served 12-month wave is not explained on the basis of a 
solar magnetic moment. 


3. Significance of Sidereal Time Variations of Cosmic 
Rays. A. H. Compton anp P. S. Gitt, University of 
Chicago.—A comparison has been made of all of the data 


available to us of sidereal time variations of cosmic rays. 
The data include those published by Illing, Schonland and 
his collaborators, and Forbush, in addition to those which 
we have immediately available from Mexico, and from the 
Pacific Ocean. Where sufficient data have been available, 
the analysis has been carried through both by Fourier 
analysis and by use of the harmonic dial. A weighted mean 
of all of the data so far collected indicates an amplitude of 
the sidereal time variation which is only a small fraction 
of that predicted by the galactic rotation theory of Comp- 
ton and Getting. For the data from Mexico and from the 
Pacific Ocean, where the detailed information required is 
available, application by Julian Thompson and ourselves 
of Thompson's harmonic dial method indicates the probable 
insignificance of the first harmonic which is present in the 
Fourier analysis. There is some indication of the existence 
of a real second harmonic, that is, a twelve-hour sidereal 
period. These results constitute evidence that the earth is 
not moving appreciably with respect to the source of the 
cosmic rays, and hence that the rays are not coming directly 
from outside our galaxy. 


4. Diurnal Variations of Cosmic Rays on the Pacific 
Ocean. JuLIAN L. THompson, University of Chicago and 
Emmanuel Missionary College-——The cosmic-ray data col- 
lected by Compton and Turner on the Pacific Ocean from 
March 1936 to January 1937 have been analyzed for 
periodic daily variations following solar and sidereal time. 
The variation following solar time has been studied by the 
usual harmonic analysis method. A new geomagnetic lati- 
tude curve in which the effect of periodic fluctuations is 
removed is used as the basis of this analysis. Solar diurnal 
variation curves for latitudes ranging from 55°N to 40°S 
(geomagnetic) show no substantial variation in either 
amplitude or phase. The mean amplitude of the first 
harmonic is found to be 0.24 percent with its maximum at 
about 14 hours. The problem of distinguishing a true 
sidereal diurnal variation in cosmic-ray intensity from a 
seasonal change in the amplitude of the solar diurnal varia- 
tion is approached from the standpoint of the harmonic 
dial type of analysis. It is shown that the regular cyclic 
arrangement of the datum points taken in chronological 
order serves as a criterion for the presence of a sidereal 
time variation. The Pacific Ocean data are shown to 
contain no sidereal diurnal component larger than the 
experimental error of about +0.06 percent. There is an 
indication of an annual variation in the amplitude of the 
solar diurnal component. 


5. Production of Penetrating Cosmic-Ray Particles by 
Photons. MARCEL SCHEIN AND VOLNEY C. WILSON, 
University of Chicago.—With Geiger-Miiller tubes arranged 
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for fourfold vertical coincidence, a Hsiung type of experi- 
ment was performed in an aeroplane up to an altitude of 
25,000 feet. 8.1 cm of lead were placed between the counter 
tubes and another lead plate of 2.2 cm thickness was 
alternately changed from the position above all the tubes 
to a position between the second and third tubes. From the 
difference in the two cases, it was found that at an altitude 
of 25,000 feet an average of 2 ionizing penetrating particles 
(barytrons?) per minute were ejected in the forward direc- 
tion from a lead plate (38 cmX5.2 cmX2.2 cm) by the 
action of non-ionizing rays (photons?). From the direct 
measurement of (1) the penetrating and (2) the total 
vertical radiation at different altitudes, it was found that 
the electron and hence the photon intensity (soft com- 
ponent) at 25,000 feet altitude is 37 times greater than at 
sea level. This value gives a cross section for the production 
of barytrons by photons in lead which is in at least rough 
agreement with Heitler’s calculations. The penetrating 
component at 25,000 feet is only 2.9 times greater than at 
sea level. 


6. New Evidence for the Existence of Penetrating 
Neutral Particles. Francis R. SHoNKA, University of 
Chicago and De Paul University. (Introduced by A. H. 
Compton.)—An experiment of the Rossi-Hsiung type was 
performed at an altitude of 14,200 feet with a fourfold 
coincidence array of Geiger-Miiller tubes in a vertical 
position. Thicknesses of 12.7 to 17.3 cm of lead served as 
absorber between the counters. Additional varying thick- 
nesses were placed alternately above and between the 
counters, i.e., in positions A and B. For small thicknesses 
the ratio of the counting rates with the lead in position A 
to that for position B is not appreciably greater than 
unity. For greater thicknesses (19 to 23 cm), however, the 
ratio A/B becomes 1.06+.02. Working at sea level, and 
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having the bottom tube shielded with 25 mm of lead, 
Hsiung obtained the same result. Maass, using no shield 
for the tubes, found the ratio A/B equal to 1.2. In view of 
the great thickness of lead required to give the maximum 
effect, these non-ionizing particles producing secondary 
barytrons must be much more penetrating than photons. 
This high penetrating power suggests their identification 
with the neutrettos (neutral particles having mass and 
other properties similar to the barytron) postulated by 
Heitler. 


7. On the Nature of the Most Penetrating Cosmic Rays. 
V. C. Witson, University of Chicago. (Introduced by 
Arthur H. Compton.)—The following experiments were 
performed in a coal mine at a depth of 300 meters water 
equivalent. Coincidences obtained with a fivefold Geiger- 
Miiller tube telescope tipped at 45° from the vertical were 
13 times more frequent than coincidences with the three 
inside tubes moved out of line. This indicates that the large 
majority of the coincidences are due to single ionizing 
particles. Placing various thicknesses of lead over a tri- 
angular arrangement of the five tubes only decreased the 
number of recorded showers. When lead was placed between 
the tubes in the shower arrangement, the counts fell off 
rapidly, reaching zero with 4.5 inches of lead. With the 
five tubes in a vertical line, various thicknesses of lead, up 
to one meter, were placed between the second and third 
tubes from the top. Within the probable error (about 10 
percent) the mass absorption in lead is the same as that 
obtained with rock above all the tubes. It is concluded 
that at a depth of 300 meters water equivalent the ma- 
jority of the rays are penetrating ionizing rays—probably 
barytrons produced in the upper atmosphere. There are 
also present some soft showers which are relatively more 
abundant than at 30 meters depth. 


8. The $-Ray Spectrum of N™ and the Mass of the 
Neutrino. Ernest M. LymMan,* University of California.— 
The positron spectrum of N*™ has been investigated by 
means of a magnetic spectrometer of high resolution. The 
N'3 was produced by bombarding Acheson graphite plates 
with 5.3 Mev deuterons from the cyclotron. The observed 
spectrum was corrected for the distortion arising from the 
geometry of the apparatus and from the scattering and 
absorption of the 1.54 collodion window in front of the 
Geiger counter detector. The distortion of the spectrum 
introduced by the thickness of the source of radioactive 
material was also considered. The results indicate that the 
endpoint energy of the N* spectrum is 1.198+0.006 Mev. 
From nuclear disintegration and mass-spectrograph data, 
one obtains 


+v+1.19+0.10 Mev. 
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Thus the fastest 8-particles have the total available energy, 
which shows that the observed endpoint of the N™ spec- 
trum is the true endpoint. Furthermore, the mass of the 
neutrino is 0+0.2m,. The shape of the spectrum has been 
compared to that predicted by the Konopinski-Uhlenbeck 
theory for allowed 8-transitions. It was found that a K-U 
curve consistent with the data over the major portion of 
the spectrum predicted far too many high energy positrons 
and an endpoint energy 25 percent greater than the 
observed one. 


* Now at the University of Illinois. 


9. Continuous Spectra of H, and D.. Hupert M. JAMES 
AND ALBERT SPRAGUE COOLIDGE, Purdue University and 
Harvard University—A complete theoretical calculation 
has been made of the continuous spectra of Hz and D2 
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arising from transitions from the lower vibrational levels 
of the 1sa2sa*Z, state to the unstable 1s02po%E,, state. Use 
of the Franck-Condon approximation has been avoided 
by a direct computation of the electric moment of the 
electronic transition, as a function of nuclear separation; 
this quantity is found to decrease rapidly with increasing 
nuclear separation. Spectra are computed for transitions 
from each of the vibrational levels separately, and absolute 
mean lives are determined for the various levels. Relative 
probabilities of excitation from the ground state of the 
molecule by electron impact are estimated, and the in- 
tensity in the spectrum due to excitation by electron im- 
pact is computed for a range of energies of the electrons. 
The Franck-Condon approximation is found to be some- 
what more satisfactory than was indicated by a previous 
investigation. There is sharp disagreement of the results 
with the observations of Smith.! This apparently arises 
from errors in Smith’s intensity standard, and emphasizes 
the need of a more satisfactory intensity standard in the 
ultraviolet. Agreement with the results of Finkelnberg and 
Weizel*? is obtained, but its significance is weakened by 
uncertainties in the experimental conditions. 


iN. D. Smith, Phys. Rev. 49, 345 (1936). 
2 W. Finkelnberg and W. Weizel, Zeits. f. Physik 68, 577 (1931). 


10. Capture of Neuw‘rons by Atoms in a Crystal. WILLIs 
E. Las, JR., Columbia University.—The precise determina- 
tion of the properties of nuclear resonance levels from the 
capture of slow neutrons is complicated by the fact that 
most of the substances used for absorbers and detectors 
are in the solid state, so that the calculations of Bethe and 
Placzek for the influence of the Doppler effect are inap- 
plicable, since these were based on the assumption of a 
perfect gas. Their calculations have here been generalized 
to include the effect of the binding of the capturing atom 
in a crystal lattice. Under the assumption that the crystal 
may be treated as a Debye continuum, it is shown that if the 
lattice binding is sufficiently weak, the absorption line 
has the same form as it would have in a gas, not at the 
temperature of the crystal, however, but at a temperature 
which corresponds to the average energy per vibrational 
degree of freedom of the lattice (including zero point 
energy). In cases of somewhat stronger lattice binding, the 
line form is found to be more complicated, and may even 
have a fine structure. Plots of the absorption line in several 
typical cases will be shown. An approximate formula for 
the cross section for self-indication is also derived. 


11. The State of Liquid Helium below the 2-Point and 
the Bose-Einstein Condensation. F. Lonpon,* Institut 
Poincaré, Paris.—It has recently been shown! that, con- 
trary to current views, an ideal Bose-Einstein gas shows a 
discontinuity in the course of its specific heat curve. This 
anomaly is connected with a kind of condensation process 
already mentioned by Einstein. Some evidence has been 
given? to support the idea that the peculiar phase transi- 
tion (A-point) liquid helium undergoes at 2.19°K might be 
regarded as the condensation phenomenon of the Bose- 
Einstein statistics, distorted, of course, owing to the fact 
that it manifests itself in the liquid and not in the gaseous 


state. Further evidence in favor of this interpretation is 
furnished by an elementary discussion ‘of the transport 
properties of the condensed phase. It is shown! that the 
theory accounts for the sudden increase of fluidity and of 
heat conductivity when going below the \-point. The latter 
phenomenon comes out, not as an ordinary heat conduc- 
tivity, but rather as a reversible phenomenon, similar to 
the heat transport in a thermoelement, namely as a rever- 
sible transformation of heat into mechanical work. This 
thermomechanical effect also furnishes the explanation of 
the so-called ‘‘fountain phenomenon” discovered by Allen 
and Jones. 


* At present at Duke University. 
1 Phys. Rev., in print. 
2 Nature 141, 643 (1938). 


12. Resonance Scattering of Neutrons in Helium. W. E. 
STEPHENS! AND H. Staus,? California Institute of Tech- 
nology.—We have measured (in a cloud chamber filled 
first with ethane, then with helium) the numbers of forward 
recoil particles from the neutrons produced when beryllium 
is bombarded with 0.6 Mev and 0.9 Mev deuterons.* The 
number of helium recoils divided by the number of hydro- 
gen recoils in each of the four neutron groups gives the 
relative probability of backward neutron scattering for 
these different neutron energies. For neutrons of about 1 
Mev, there was found a relatively large probability of 
backward scattering in helium. This is in good agreement 
with what would be expected if the n-He combination had a 
p state at about 0.8 Mev unstable. Hence this supports the 
evidence of Williams, Shepherd, and Haxby‘ and Staub 
and Stephens*® that He® has an 0.8 Mev unstable state. 


1At present a Westinghouse Research Fellow, Westinghouse Re- 


search Laboratories, East Pittsburgh, Pa. 

2 International Exchange Fellow, now at Physics Department, 
Stanford University, California. 

’ Bonner and Brubaker, Phys. Rev. 50, 308 (1936). 

4 Williams, Shepherd, and Haxby, Phys. Rev. 51, 888 (1937) and 
52, 340 (1937). 

5 Staub and Stephens, Phys. Rev. 54, 236 (1938). 

Stephens and Staub, Phys. Rev. 54, 237 (1938). 


13. On the Neutron-Proton Interaction. JULIAN 
SCHWINGER, Columbia University—Recent experiments 
have shown that current theory provides an inadequate 
representation of phenomena involving the neutron-proton 
interaction. In an attempt to isolate the cause of these 
difficulties, we have examined the consequences of the 
most general interaction not explicitly involving the 
momenta of the interacting particles. This involves, essen- 
tially, the addition of interaction terms of the type 


) 169 


to those already in vogue. Among the principal results de- 
duced from this novel interaction are a decrease in the 
neutron-proton scattering cross section for fast neutrons, a 
decrease in the neutron magnetic moment as deduced from 
the proton and deuteron moments, and the existence of an 
electric quadripole moment of the deuteron. The bearing 
of experimental data on these predictions and on modifica- 
tions introduced into the theory of the radiative capture of 
slow neutrons and the photo-disintegration of the deuteron 
will be discussed. 


14. On the Excitation Functions of Intermediate Ele- 
ments. E. J. Konopinski, Indiana University—An 
attempt has been made to apply the Breit-Wigner ‘‘dis- 
persion’’ formula for nuclear reactions, together with the 
Gamow-Condon-Gurney theory of barrier penetration, to 
the excitation functions of reactions involving elements hav- 
ing mass numbers between about 10 and 30, for which the 
data are most abundant. Here most of the simplifications 
used for very light or very heavy nuclei are not possible.' 
It is found that, in general, the uncertainties about the 
number and weight of the possible residual states over- 
shadow all other analyzable effects. However, for certain 
specific reactions, in particular endoergic ones, arguments 
can be given to reduce the effect of the uncertainties 
considerably. Such a case, given special attention, is the 
C!2(d,n)N" reaction for which measurements have been 
made by Newson. This has special interest because of the 
decrease of the yield caused by competition from the 
C(d,a)B" reaction. The influence of the residual states of 


FRIDAY AFTERNOON 


B® is largely eliminated by the smallness of the penetration 
probability of the outgoing alpha-particle. It is found then 
that the experimental yield curve allows for surprisingly 
small weights of the highly excited states of N™. 

1 Konopinski and Bethe, Phys. Rev. 54, 130 (1938). 


15. Scattering of Fast Electrons. J. H. BARTLETT AND 
R. E. Watson, University of Illinois—Mott' has de- 
veloped exact formulae for the scattering of Dirac electrons 
by a Coulomb field. With these as a basis, we have calcu- 
lated the angular distribution of the scattering for very 
fast electrons (i.e. energies greater than 2 Mev). In this 
region, both the total cross section and the angular dis- 
tribution take on asymptotic values. The angular dis- 
tribution is of Rutherford type for very small angles, but 
the scattering at 60° is about twice as large as Rutherford 
scattering. The calculations are being extended to lower 
energies. 

1 Mott, Proc. Roy. Soc. 135, 429 (1932). 


16. K-Electron Capture in Ag'®. J. REGINALD RICHARD- 
son,! University of Michigan.2A—The distribution of the 
electrons emitted by the 8-day isomer? Ag'* has been 
investigated. A thin sheet of silver was activated by fast 
neutrons from the cyclotron, and seven days later was 
placed across the center of a twelve-inch hydrogen filled 
cloud chamber. The striking feature of the distribution is 
that forty-five percent of the 524 tracks are in a small band 
of energies below 17 kv, the remainder ranging up to 
800 kv. The conclusion seems inevitable that the low 
energy group consists of Auger electrons and photoelectrons 
associated with the K-electron capture process in Ag’. 
From the thickness of the source one can determine the 
ratio of the number of K quanta to the number of electrons 
in the main part of the spectrum to be 50 to 1. In view 
of this ratio it seems possible that the electrons above 20 kv 
are entirely due to the internal conversion process. A 
preliminary investigation has been made of the photo- 
electrons ejected by the gamma-radiation from a thin Pb 
lamina. The resulting distribution is very similar in shape 
to the part of the electron spectrum above 20 kv. 
1 National Research Fellow. 


2 Now at the University of Illinois. 
4 Pool, Phys. Rev. 53, 116 (1938). 


17. The Secondary Emission of Electrons Due to 
Protons. J. S. ALLEN, University of - Minnesota.—The 
secondary emission of electrons from various metals due 
to protons has been studied. For targets of Al, Cu, Ni and 
Pt at an angle of 90° to the incident proton beam the ratio 
of the secondary electron to the proton current for surfaces 
that have not been outgassed was approximately 3 for 
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protons of 120 kv energy. As the angle between the 
incident proton beam and the surface of the target was 
varied this ratio followed the relation 5= 599 cosec @ where 
6 is the angle between the proton beam and the surface of 
the target and 590 is the secondary electron-proton ratio 
at 90°. The measurements were continued with targets out- 
gassed by heating to a dull red during the readings. The 
results for targets set at 90° to the proton beam are given 
in the table below. 


Secondary Electron-Proton Ratio. 


Proton Energy Be ‘. Cu Ni Pt 
72 kv 7.3 2.3 1.9 

120 kv 7.5 2.3 2.0 1.8 2.4 

166 kv 7.4 2.2 1.9 1.9 2.2 

212 kv 2.0 2.0 2.1 2.a 


18. Ionization and Dissociation of CHBrF, by Electron 
Impact. RicHarp F. BAKER AND JOHN T. TaTE, Uni- 
versity of Minnesota.—The ions formed in CHBrF; by 
electron impact have been studied with a mass spectro- 
graph of the 180° focussing type. The molecular ion 
CHBrF;* first appears at 12.0+0.2 volts electron energy, 
with an abundance (at 100 volts electron energy) of six 
percent that of the most abundant ion CHF,.*. The small 
probability of formation of the molecular ion, coupled 
with a large probability of dissociation under electron 
impact, is a feature shared by the other halogen derivatives 
of methane which have been studied with the mass 
spectrograph.! Negative bromine ions were abundant, and 
were formed in four processes. Three of the processes were 
of the resonance type corresponding to dissociation, with 


8 
| 
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capture of the incident electron, and had low energy 
thresholds. These processes are: CHBrF,—~CHF+F-+Br-; 
CHBrF.—~CH+2F+Br-; CHBrF,~C+H+2F+Br-. In 
the remaining process the negative ions were formed 
simultaneously with a positive ion: CHBrF,—~Ct+Br- 
+H+Fy». Negative fluorine ions were observed with an 
abundance ~1/10 that of negative bromine. The appear- 
ance potential of F~ indicates that it is formed simultane- 
ously with the ion CBr*. No capture processes were 
observed for F-. 


1 Baker and Tate, Phys. Rev. 53, 683 (1938). 


19. The Diffraction of X-Rays by Liquid Sulphur at 
Different Temperatures. NEWELL S. GINGRICH, Uni- 
versity of Missouri.—xX-ray diffraction patterns of liquid 
sulphur at 128°C, 166°C, 190°C, 210°C, 225°C, and 300°C 
have been obtained photographically using monochromatic 
Mo Ka radiation and a cylindrical camera of 8.85 cm 
radius. Relative intensities were obtained with the aid of 
a microphotometer, and each pattern shows one peak and 
a ‘‘shelf.’’ The variation in the position of the peak with 
temperature agrees roughly with that reported by Blatch- 
ford. The diffraction pattern for plastic sulphur at room 
temperature has been obtained by changing the sample 
frequently. In this case, a weak secondary maximum was 
observed in addition to the main peak. The intensity 
curves in each case were corrected for absorption in the 
sample, for polarization, and for incoherent radiation and 
they were then placed on an absolute basis in the usual 
manner. The atomic distribution curves obtained from 
these curves will be presented and discussed. In the case 
of liquid sulphur at 128°C, the first concentration of atoms 
occurs at about 2.05A, and the number of nearest neighbors 
is given as approximately two. 


20. Experiments on the F+H! Gamma-Radiation and 
the Klein-Nishina Absorption Coefficient at 5.7 Mev. 
J. HALPERN AND H. R. CRANE, University of Michigan.— 
The recoil electrons ejected from a 1.5.mm carbon scatterer 
by the gamma-radiation from F+H! have been further 
investigated by the cloud-chamber method. The carbon 
sheet was placed across the center of the cloud chamber, 
and gamma-radiation, collimated by a lead channel, was 
allowed to fall on the center of the carbon. The distribution 
of negative electrons originating in the carbon shows the 
radiation to be monochromatic at about 5.7 Mev. A similar 
measurement:was made with the CaF», target inside the 
cloud chamber and surrounded by 13} mm of carbon. The 
group of electrons at about 4 Mev reported by Gaerttner 
and Crane! was observed, but further tests indicated that 
this group was due to the negative members of internal 
conversion pairs, and not to a second gamma-ray line. 
The Klein-Nishina absorption of this radiation in 10 cm 
of Al was then measured by observing the recoil electron 
distribution from the carbon sheet with the Al inserted 
between source and collimator on alternate expansions of 
the cloud chamber. The results are in good agreement 
with theory. 


1 Phys. Rev. 52, 582 (1937). 


21. Diffuse Scattering of Cu Ka X-Rays from Single 
Zinc Crystals. O. J. BALTZER AND E. M. McNatrt, Wash- 
ington University. (Introduced by A. L. Hughes.)—Formerly 
all experiments on the diffuse scattering of x-rays from 
zinc crystals have been made with the continuous spectrum 
from an x-ray tube. We have now been able to obtain the 
diffuse scattering of Cu Ka x-rays from single crystals of 
zinc. The Cu Ka@ rays from an all-metal tube with a 
copper target operated at 20 kv and 100 ma were reflected 
from a crystal of rocksalt set at the proper angle. The 
diffuse scattering of these reflected rays from various zinc 
crystals was studied. X-rays of half the wave-length of 
the Cu Ka rays are also reflected from the rocksalt crystal 
and these produce fluorescent rays in the zinc crystal. 
Correction for these fluorescent rays was made by placing 
thin aluminum foil between the rocksalt and the zinc 
crystals. 


22. Atomic Structure Factors for Zinc Crystals at Large 
Scattering Angles. E. M. McNatt ann G. E. M. JAUNCEY, 
Washington University —The diffuse scattering of x-rays 
of average wave-length 0.48A from single zinc crystals of 
orientation angles 0° and 90° has been measured at 
temperatures of 100°K and 295°K out to (sin ¢/2)/A=1.5 
(average value). At this value of (sin ¢/2)/d the diffuse 
scattering curves for all orientations and temperatures 
tend to come together. From these curves the atomic 
structure factors for zinc may be determined for values of 
(sin ¢/2)/X approaching 2. A semi-empirical formula for 
the structure factors in this region has been obtained. 
It seems possible to relate this formula to the critical 
absorption wave-lengths of x-rays in zinc. 


23. The Possibility of the Internal Scattering of the 
Beta-Rays from RaE. G. E. M. Jauncey, Washington 
University—Gray and Hinds! have recently reported a 
y-ray spectrum from RaE containing lines whose energies 
are 5.8, 9.700, 15.8, 21.6 and 63 kv. Since the energies of 
the K—Ly, My-Ni x-ray spectrum lines of lead 
are 7.3, 14.8 and 3.2 kv, it may be that ordinary x-rays 
of lead were being observed. The discrepancies then would 
be due to the absorption method of resolving the spectrum. 
This spectrum can be explained if a beta-ray in passing 
through the rest of the atom occasionally makes a close 
collision with an orbital electron. If a K electron is knocked 
out, then the K spectrum of Pb should be produced. 
We call this ‘internal scattering’ in analogy to ‘‘internal 
conversion’’ of y-rays. Rutherford has suggested that in 
scattering problems the magnetic as well as the electric 
force between two electrons must be considered. Both 
magnetic and electric collision parameters are recognized. 
Using the accepted magnetic moment of the electron, we 
find that about 0.01 of the 8-rays are internally and 
inelastically scattered, thus giving rise to 0.01 photon 
per beta-ray. This agrees with Gray and Hinds’ value of 
0.015 photon per beta-ray. 


1 Can. J. Res. 16, 75 (1938). 


24. Effect of Molecular Shape on Molecular Attraction 
in Monolayers. RoBert T. FLORENCE AND WILLIAM D. 
Harkins, University of Chicago —The shapes of otherwise 
identical molecules affect very greatly intermolecular 
attraction in monolayers. Molecules of the following 
substances contain 18 carbon atoms: stearyl alcohol, 
stearic acid, and stearyl amine, with straight chains; 
elaidic acid, a trans compound, with a slight bend at its 
central double bond, and oleic acid with an identical 
molecule except that it is a cis form with a much greater 
bend. On an acidic subsolution stearic acid gives a con- 
densed, oleic acid an expanded film, and the equimolecular 
mixture also is expanded. While oleic is as strongly at- 
tracted as stearic acid by the water, nevertheless oleic 
acid is seen to be bound much less tightly in the film, 
since it may be quantitatively separated from the mixed 
film by increase of pressure. The effects are most remark- 
able on a basic subsolution, since the addition of elaidic 
acid, which by itself gives an expanded film, to a con- 
densed film of stearyl amine, condenses the latter even 
more, while the addition of stearyl amine, which gives a 
condensed film, to an expanded film of oleic acid, expands 
it even more. These differences are explained by the 
differences in bending of the hydrocarbon chain, which 
has a great effect upon the van der Waals interaction. 


25. The Molecular Aspect of the Energies of Adhesion 
Between Various Liquids and Solids: Adsorption as the 
Result of Electrostatic Forces. GEoRGE Boyp AND WILLIAM 
D. Harkins, University of Chicago.—By the use of a 
calorimeter with a sensitivity of 0.00003C the energy of 
immersion of dry inorganic powders in various pure 
liquids was determined. This gives the adhesional energy 
between the liquid and the powder provided the area of 
surface of the powder is known. The relative energies of 
adhesion for titanium dioxide (anatase) are: water 1.00, 
ethyl alcohol 0.90, butyric acid 0.83, ethyl acetate 0.67, 
butyl alcohol 0.64, nitrobenzene 0.57, carbon tetrachloride 
0.37, benzene 0.37, iso-octane (0.18 in one experiment). 
Such relative values as have been determined are approxi- 
mately the same with SiOz, ZrSiO4, and BaSO,, 
while with carbon tetrachloride NaCl gives 0.35. It is 
apparent that on solids of this class (hydrophilic) the 
values are higher for liquids whose molecules exhibit a 
dipole moment, but it is obvious that the magnitude of 
this moment is not the only factor involved. Graphite, 
a hydrophobic solid, gave much higher relative values 
with nonpolar liquids. The values given above are practi- 
cally independent of the area of the powder. The apparent 
area was determined by the adsorption of higher fatty 
acids from dry, nonpolar solvents. The adhesional energy 
for titanium dioxide is 1050 ergs per cm? with water and 
390 with benzene. With NaCl the values are half, and with 
zirconium dioxide or silicate more than twice, as large. 


SATURDAY MORNING 


SATURDAY MoRNING AT 10:00 o’CLOCK 
Eckhart 133 


26. Packing Fraction Differences Among the Heavy 
Elements. ALvin C. GRAvEs, University of Chicago.— 
Values of the differences between packing fractions of 
heavy elements are given and compared with the work of 
other investigators by means of a packing fraction curve. 
Results were obtained by bracketing an isotope of one 
element between two isotopes of a second differently 
charged element and measuring the separations of the lines. 


The following cases were studied: Cr(53)—Gd(158), 
Gd(160); Cr(52)-Gd(155), Gd(157); Gd(160)—Cr(53), 
Cr(54);  Sr(86)-Yb(171),  Yb(173); Sr(87)-Yb(173), 
Lu(175);_ Lu(175)-Yb(173), Yb(174); Pt(194)—-Ru(96), 
Ru(99); Pt(175)—Ru(96), Ru(99); Pt(196)—-Ru(96), 
Ru(99); U(238)-Sn(118), Sn(i20); Au(197)-Mo(98), 
Mo(100); Ta(181)-Zr(90), Zr(91);  Pt(195)—-Mo(96), 


Mo(98). Doublets were measured as follows: Os(192), 
Ru(96); Pt(198), Ru(99); Pt(196), Ru(98); U(238), 
Sn(119); Th(232), Sn(116); Gd(156), Cr(52); Yb(172), 
Sr(86); Yb(174), Sr(87). Measurements on the lines were 
in most cases reproducible to better than a thousandth of 
a millimeter. The plates were taken on the double focusing 
mass spectrograph of Professor A. J. Dempster, and 
measured visually on a Gaertner comparator. 


27. Internuclear Distances in the Gas Molecules Se:, 
HgCl, Cu.Cl,, CusBr2 and by Electron Diffraction. 
Louis R. MAXWELL AND VERNON M. MosLey, Bureau of 
Chemistry and Soils, U. S. Department of A griculture.—Elec- 
tron diffraction photographs have been obtained from sele- 
nium vapor at 900°C under conditions suitable for a high 
concentration of diatomic molecules. Five interference 
maxima were obtained at the relative positions expected 
for a diatomic structure which led to a nuclear separation 
of 2.21+0.03A. At lower temperatures the diffraction 
pattern became more complex due to the presence of 
higher polymers, and gave maxima in approximate agree- 
ment with results obtained by previous workers.' A 
diatomic interference pattern was obtained from mercurous 
chloride vapor by heating the salt to about 450°C. This 
gave an internuclear separation of 2.21+0.04A. Chemical 
analysis of the material condensed after photographing 
showed that only a small amount of decomposition had 
occurred, leaving at least 95 percent HgCl. Electron 
diffraction data from Cu2Cls, CusBre, and indicated 
the existence of two prominent distances / and 2/ in each 
molecule where /=2.13A, 2.25A and 2.40A, respectively. 
A satisfactory structure for these molecules has not been 
determined; however, many possible forms have been 
excluded. A linear model does not fit in all details. For 
CueCl, the 2.13A distance agrees closely with recent 
band spectrum data for the nuclear separation in the 
normal state of CuCl. 


1J. D. Howe and K. Lark-Horovitz, Phys. Rev. 51, 380 (1937). 


j 


28. A Precision Current Control Device. J. L. Lawson 
AND A. W. TYLER, University of Michigan. (Introduced by 
H. R. Crane.)—A vacuum tube circuit is described in 
which a current can be controlled and maintained very 
accurately. The current control for the Michigan cyclotron 
is described in detail. This unit controls the magnet 
current of up to 250 amperes, furnished from a generator 
excited by commercial 220 volts direct current, to one 
part in five thousand over a prolonged length of time. 
Variations in power supply voltages of twenty percent are 
properly handled. Tests over an eight month period have 
shown this control to be quite satisfactory. Applications 
have also been made to the magnet current control for a 
magnetic beta-ray spectrograph, and high voltage con- 
trol for a Geiger-Miiller tube. Further applications are 
suggested. 


29. The Energy of the $-Rays from Potassium. W. J. 
HENDERSON, Purdue University—The §8-ray spectrum 
of potassium has been investigated by the absorption 
method using a cylindrical counter and concentric ab- 
sorbers. Because of the low intensity of the 8 radiation 
from potassium the range from such an experiment is too 
small. This apparent range of 0.375 g/cm? is corrected by 
comparison with the ranges of RaE and UrX, £-rays 
measured under the same conditions of geometry and 
intensity. The corrected range is found to be 0.55 g/cm? 
which gives a value of 1.3 million volts for the upper 
limit of the 8-ray spectrum of potassium. This is con- 
siderably higher than the values found by other methods. 
Also, the measurements give no evidence for two groups of 
8-rays in the spectrum. 


30. Fluorescence and Absorption of Diacetyl. G. M. 
H. Q. FuL_er, G. D. Kinzer, University of Iilinois. 
—The well-known fluorescence of acetone vapor excited 
by 43130 is identical with the fluorescence of diacetyl vapor 
when excited by 3130! or with Hg AA3650, 4047, 4358. 
The spectrum of the fluorescence is independent of the 
exciting frequency, and of the pressure of diacetyl over a 
range of 0.1 mm to 50 mm Hg. With water solution the 
fluorescence has the same general appearance though the 
fine structure is diffused. The intensity of the fluorescence 
measured with photocell and electrometer tube amplifier 
increases linearly with diacetyl pressure and linearly with 
the intensity of the exciting light. It decreases with 
increasing temperature. The fluorescence is strongly 
quenched by oxygen falling to one-half intensity at an 


SATURDAY MORNING 


11 


oxygen pressure of 0.01 mm Hg. The drop is more rapid 
than expected on a simple picture of* one excited state 
attacked by oxygen (Stern-Volmer law). With continued 
illumination the fluorescence recovers, the oxygen being 
consumed in the process of quenching. Further evidence 
that the process without oxygen is not simple fluorescence 
is obtained by examining the absorption of irradiated 
diacetyl. If the diacetyl is radiated for a few minutes, 
then allowed to stand in the dark for a time (1 to 1000 
min.), then radiated a second time, a new strong con- 
tinuous absorption appears extending to longer wave- 
lengths than the diacetyl absorption. The intensity of 
this absorption, appearing only upon second radiation 
after a dark period, varies with the elapsed time of the 
second radiation and passes through at least three maxima 
(at about 7 sec., 2 min., and 6 min. with our illuminating 
apparatus). This phenomenon is destroyed by the addition 
of oxygen to the diacetyl. 


1 Matheson and Noyes, J. Am. Chem. Soc. 60, 1857 (1938). 


31. The Correction of Experimental Curves for the 
Resolving Power of the Apparatus. Roy C. SPENCER, 
University of Nebraska.—The apparatus transforms the 
original function Go(x) into Gi(x). The resolving power 
function, F(x), is the response of the apparatus to a unit 
impulse. The weight function, W(x)=F(—x), has mo- 
ments uz.’ (unprimed if about its c.g.). Types of apparatus: 
(1) Static, e.g. a spectrometer. The integral equation may 
be expanded into a series, if u,’ is finite.* 


Gi(x) = £SGo(x +8) W(8)dB = 


where M,’=u,'/n!. (2) Dynamic, e.g. a galvanometer. 
F(x) is a particular solution of the differential equation, 


Go(x) = (Xoan’D")Gi(x). 


Either series (1) for the prediction of errors, or series (2) 
for the correction of errors, may be used for the same 
apparatus, since the two operators are reciprocals of each 
other. The area of W(x) is Mo’ =1/ao’. Henceforth, unit 
area is assumed. M,’=—a;’, M,=a,=0, and 
M;=—a;. (Note that M,=u,/n!.) Several successive 
operations are indicated by the product of their operators. 
The resultant coefficients M,’, Ms, Ms; or ay’, do, a3 are 
each the sum of their respective coefficients. These three 
coefficients are proportional to the changes in c.g., curva- 
ture and asymmetry of G(x). 


1R. C. Spencer, Phys. Rev. 38, 618 (1931), Eq. (21). 


32. Oscillation of Close-Coupled Circuits. R. R. RAMsEy, 
W. L. CHENAULT AND L. E. LoneG, Physics Department, 
Indiana University.—During the early days of radio when 
all sending stations were spark or damped wave stations, 
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‘“‘resonance’’ curves often turned out to be double-humped 
curves. It was found that these curves were produced by 
close-coupled circuits. A theoretical explanation of this 
effect is given by A. Oberbeck.! A somewhat detailed dis- 
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cussion is given by J. A. Fleming.? The general conclusion 
seems to be that close-coupled circuits or apparatus always 
produce or manufacture two frequencies. If one uses 
modern tube oscillators it is practically impossible to 
obtain the double-humped curve. In a detailed study, it is 
found possible for close-coupled oscillators to oscillate at 
two frequencies while the circuit constants remain the 
same. However, the circuit does not oscillate at both fre- 
quencies at the same time. The metastable mode is ob- 
tained by shifting gradually from the stable to the meta- 
stable mode. Close-coupled circuits are tuned for two fre- 
quencies, but do not oscillate at these frequencies unless 
they are generated in some neighboring oscillator. Further 
experiments indicate that damped oscillators give a band 
of frequencies. The close-coupled circuit selects the two 
frequencies to which it is tuned. 


1A. Oberbeck, Wied. Ann. der Physik 55, 623 (1895). 
2J.A. Fleming, Principles of Electric Wave Telegraphy, 190t, pp. 220-—. 


33. Absolute Intensities in Halide Spectra, Ropert S. 
MULLIKEN, University of Chicago —Quantum-mechanical 
calculations have been made of the over-all absolute in- 
tensities of certain '>*+—II, and ‘II electronic transitions in 
the spectra of the halogen, hydrogen halide, and methyl 
halide molecules. These transitions give rise to a large part 
of the well-known ultraviolet continuous spectra of these 
molecules, and to a part of the banded visible spectra of 
some of them. In spite of the very roughly approximate 
character of the wave functions used, there is for the most 
part a close parallelism, and even a very roughly quantita- 
tive agreement, between the calculated and observed over- 
all absolute intensities of the transitions. This result 
confirms the interpretation of the electronic levels of these 
molecules, and also indicates that similar calculations for 
other spectra should be significant. Calculations already 
made for a number of other spectra have given a variety 
of interesting results. 


34. A New Ultraviolet Band System of Silver Iodide. 
NicHoLas Metropo.is, University of Chicago. (Introduced 
by R. S. Mulliken.)—A new ultraviolet band system of 
AglI has been photographed in absorption at temperatures 
750°-900°C. At higher temperatures the system is over- 
lapped by strong continuous absorption, which advances 
gradually from shorter wave-lengths. The new system lies 
at shorter wave-lengths than the known system, and its 
lower electronic state agrees with the ground state given 
by Brice. The rotational structure and the very small 
isotope effect are not resolved. The equation for the band 
heads may be written 


va = 447224 152.4(0’ +3) —1.1(0' +3)" 
— 206.3(v"” +3) +0.6(v” 


This formula is based upon progressions to v’=3 and to 
v’’=10. The results are in harmony with the predictions of 


Mulliken. 


35. Townsend Ionization Coefficients and Glow Po- 
tentials in an Argon-Barium Phototube. R. W. ENGsTRoM, 
Northwestern University. (Introduced by W. S. Huxford.)— 


The Townsend ionization coefficients and glow potentials 
for argon were measured in a tube with parallel plate 
arrangement. Electrode separations were controlled mag- 
netically by a method designed to avoid extra metal parts 
in the vacuum system. Highly purified argon was admitted 
at a pressure of 1.51 mm and exposed to a barium mirror 
to remove traces of impurities. Light was admitted through 
a wire mesh at the center of the nickel anode. The cathode 
was covered with barium by evaporation in vacuum. 
a, the number of ionizing collisions for an electron per cm of 
path, was measured in the usual manner by varying the 
plate separation and was found to be in close agreement 
with the values of Kruithoff and Penning! throughout the 
measured range from X/p=30 to 300 volts cm mm. 
Values for y, the number of electrons released by each 
argon ion at the barium cathode, were calculated from the 
ionization curves and also from the measured starting 
potentials for a glow discharge. The values obtained by the 
two methods are in good agreement. y increased from 
0.065 at X/p=50 to 0.09 at X/p=300. 


1 Kruithoff and Penning, Physica 3, 515 (1936). 


36. Sparking Potentials at Low Pressures. Rosert B. 
Quinn, University of Chicago. (Introduced by A. J. Demp- 
ster.)—At gas pressures less than the Paschen critical value 
the sparking potential rises rapidly with decrease in pres- 
sure. Measurements are difficult because of undesired 
discharges over longer paths than the main sparking dis- 
tance. A successful sparking tube has been designed with 
which measurements have been made on air, carbon diox- 
ide, hydrogen, and helium up to 24 kv with nickel elec- 
trodes, and on air with a stainless steel cathode. The results 
are compared with those of Cerwin, of Carr, and of 
Penning. The equations of the straight portions of the 
sparking potential curves are of the form V =a+6 log pd. 


37. Apparent Ionic Volumes in Aqueous Solutions of 
Strong Electrolytes. G. W. Stewart, State University of 
Iowa.—In continuation of experiments described in former 
abstracts! the change in minor peak height of the x-ray 
diffraction curve has been used as an arbitrary measure of 
the alteration of the four-coordinated structure of the 
solute, water. Fifteen strong electrolytes have now been 
tested and, using this arbitrary measure, their results have 
been compared with the apparent ionic volumes as de- 
pendent upon concentration. The conclusion is quite clear 
that the apparent ionic volumes are more dependent upon 
the altered density of the solute than upon the electrostatic 
effects of free ions in the solution. 


1G. W. Stewart, Phys. Rev. 53, 202 (1938), and 53, 323 (1938). 


38. The Joule-Thomson Effect in Carbon Dioxide. J. R. 
ROEBUCK AND T. A. MuRRELL, University of Wisconsin.— 
This is the worst material to handle yet measured, due 
largely to its liquefaction in the compressor cooling coils. 
Heat required to revaporize is large and live steam was 
required. Also with bath below 50°C the cold fluid leaving 
the plug forms snow and blocks the passages, requiring a 
high pressure steam heater. Air impurity was reduced to 


| | 
\ 


SATURDAY AFTERNOON 13 


0.01 percent by freezing a large cylinder of liquid with dry 
ice and snifting the vapor liberally. The curves cover 
300°C to —56°C and 1-200 atmos. The general picture is 
extremely like other gases.' Special experiments around T;, 
show that isenthalps in air-free liquid run without bend 
directly into saturation curve. Air impurity leads to steeper 
slope and near saturation isenthalp breaks to line down- 
wards and toward saturation. The break point moves 
toward saturation with decreasing air impurity. A low 
temperature liquid isenthalp of positive slope keeps positive 
right to saturation. Thus the inversion curve does not turn 
down in liquid. In the unsaturated vapor one curve is 
tangent to and bends slightly toward saturation curve, 
suggesting association in the vapor. 


1 Phys. Rev. 46, 785 (1934). 


39. Nerve Conduction with Distributed Capacitance. 
ALvIN M. WEINBERG, University of Chicago. (Introduced 
by N. Rashevsky.)—Rashevsky's theory of nerve conduc- 
tion! has been extended to include the effects of distributed 
capacitance along the nerve fiber. The simple theory of 
Rashevsky, based on the idea of local re-excitation by 
bioelectric currents according to Blair's law of excitation,? 


leads to a formula for the initial velocity of the nerve 
impulse: 
ak 


jog 


where a is the distance between Ranvier nodes, k measures 
the excitability of the nerve, J is the local exciting current, 
and R is the threshold current for excitation. This result 
does not depend explicitly on G, the node leakance. The 
present analysis gives for the initial velocity, in case 
G/C>k, 

ak 


jog 


where ¢ is a complicated function of C and vanishes when 
C=0. In case G/C is not >>k, the velocity is given as the 
root of a transcendental equation which may be solved 
numerically. Formulae for the asymptotic velocity of 
propagation are similarly related in the two cases. Em- 
pirical data necessary to check the validity of these results 
are as yet unavailable; the types of experiments needed 
to obtain these data are suggested. 


1N. Rashevsky, Mathematical Biophysics (University of Chicago 
Press, 1938), Chapter 20. 
2 Ibid., Chapter 16. 
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40. The Excitation Functions of Lithium and Boron. 
RaLpH B. Bowersox, University of Chicago.—The excita- 
tion functions for the reactions: 


have been determined by using proton energies up to 400 
kv. Measurements were made on thick targets of LiOH 
and LiF and the observed yields were multiplied by a 
factor of 4 to make them correspond to the yields from 
pure lithium. The cross section of lithium for this process, 
based on a thin target curve derived from these yields, was 
found to follow an exponential curve. A thick target of 
compressed amorphous boron was used in the investigation 
of the second reaction. The alpha-particle resonance was 
observed at a potential of 172 kv; and the excitation func- 
tion was extended up to 400 kv proton energy. 


41. On the Penetration Probability of Fast Protons into 
Nuclei. V. F. WetssKopr AND D. H. EwinG, University of 
Rochester.—The influence of the repulsive Coulomb field 
on the penetration of a proton into a nucleus can be cal- 
culated if the radius of the nucleus is known, at least for 
energy values not too close to the top of the potential 
barrier of the Coulomb field.! The total cross section can 
then be split up into a factor effected by the shielding 
Coulomb field and a factor which is suitably called the 


sticking probability of the proton. A quantitative investi- 
gation of the cross sections of the nuclei Ni®™, Ni®, Ni®, 
Cu®, Se78, Se®®, Se®?, Sn!29, Sn for disintegra- 
tion by protons up to 6.7 Mev has been carried out by 
using the results obtained by the Rochester Group. It is 
found that the sticking probabilities depend on the energy 
of the bombarding particle and are of the order of 1/10 if 
one assumes a nuclear radius of 1.50-10~%-A!. A radius 
1.00-10-8-A! would give rise to a larger value of the 
sticking probabilities by a factor of about ten, but can be 
excluded by other evidences. The small value of the 
sticking probabilities indicates a special mechanism for the 
penetration of a particle into the nucleus, since according 
to our present knowledge the sticking probability of a 
heavy particle should approach unity for energies of 
several million electron volts. 


1 See H. Bethe and E. Konopinski, Phys. Rev. 54, 130 (1938). 


42. Proton Reactions of ,;Cd and «In. S. W. BARNEs, 
University of Rochester—Indium bombarded by 6.7 Mev 
protons exhibits decay periods of 20 min.+, 50 day—, 
(50 min.+) and 4 hr.—. The first two are obtained from 
the Sn precipitate, the second two from the In precipitate. 
The 20 min.+ activity is assigned to Sn" formed by a 
p-n reaction from In’, The 50-day activity is as yet unas- 
signed. The 50-min.+ activity appears only weakly in the 
In precipitate and may be an impurity. The 4 hr. period is 
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assigned to a metastable excited state of In™* called In*"®. 
In*"5 is formed either by an inelastic collision in analogy 
to the neutron excitation of In™® already found by Gold- 
haber and Szilard or by the action of the electric field of 
the proton as it passes nearby. The second process seems 
to be the more probable for protons. The observed cross 
section for this reaction is about 5 10-** cm’. All of the 
activities induced by protons on cadmium appear in the 
In precipitate. They are 13 min., 55 min., 2 hr., 4 days and 
48 days. The 48 day is to be ascribed to In™, the 58 min. 
activity which shows strong y-rays of about 1 Mev may 
be the known 54 min. activity of In"*. The 2 hours activity 
may be the 2.3 hr. period of In" formed by proton capture 
from Cd"*, The assignment of the other activities is dis- 
cussed. 


43. The Technique of High Intensity Bombardment 
with Fast Particles. Franz N. D. Kuri, Indiana Uni- 
versity.—Recent improvements in cyclotron technique have 
led, in the case of the 37” cyclotron at the University of 
California, to the utilization of beams of such intensity 
that nearly a kilowatt of power must be dissipated in the 
target. To maintain high operating efficiency it is desirable 
that targets should be bombarded in elementary form 
rather than as compounds and that the cyclotron vacuum 
chamber should be protected from the debris of bombard- 
ment at all times. The former requirement puts a severe 
limitation on the designer because many elements are 
neither refractory nor are they good heat conductors. The 
second requirement necessitates that a thin metal window 
be used to isolate the target from the vacuum chamber, 
because most elements sublime or spatter in one way or 
another no matter how well cooled they may be. To meet 
this situation a window has been developed (a ‘‘bell-jar’’ 
window). It consists of a rectangular copper box with one 
end closed by a water-cooled copper plate carrying the 
target and the other by a thin metal window. The window 
end is bolted to the cyclotron’s target orifice and the in- 
terior of the box is filled with hydrogen or helium at a 
pressure of a few centimeters. The presence of the gas serves 
to keep the window cool, to keep the target from being 
damaged by the beam and finally to protect the cyclotron 
in the event of a sudden failure of the window. The metal 
windows are supported on a grid of elongated holes which 
has a geometrical aperture of about 93 percent. The target 
plate is heavily knurled and the element being bombarded 
may either be fused on it or pressed into the knurlings with 
a spatula. The surface of the target can further be protected 
by covering it with thin gold foil. With this arrangement it 
has been found possible to bombard red phosphorus, sodium 
metal, lithium metal and many other difficult targets with 
the full intensity of the cyclotron. 


44. On the Dynamical Theory of X-Ray Diffraction in 
Crystals. W. H. ZACHARIASEN, University of Chicago.—lIt 
has been customary to deal with two theories of x-ray 
diffraction in single crystals, the kinematical theory of von 
Laue and the dynamical theory of Ewald-Darwin. The 
kinematical theory has been applied to small crystals or to 


large crystals of the mosaic type, while the dynamical 
theory is used for large perfect crystals. General solutions 
are given for the intensity of diffraction from a plane 
parallel plate of arbitrary thickness using the dynamical 
theory. It is shown that as the thickness goes towards zero, 
the results become identical with those predicted from the 
kinematical theory. The area under the diffraction peak 
(integrated power), if plotted as function of the thickness, 
is for very thin crystals linear. In the Laue case (diffracted 
beam transmitted) the integrated power reaches a maxi- 
mum value and approaches for greater thickness asymptoti- 
cally an exponentially declining curve. In the Bragg case 
the integrated power approaches a constant value (de- 
pendent upon the absorption coefficient) as the thickness 
increases. The effect of absorption on the symmetry of the 
diffraction peak will be discussed. In the particular case 
where the x-rays are reflected from a sequence of lattice 
planes normal to the crystal plate (symmetrical Laue case) 
the diffraction peak is always symmetrical. If the reflecting 
lattice planes are parallel to the crystal plate (symmetrical 
Bragg case), the peak is symmetrical when the absorption 
index is considered a constant, but unsymmetrical if the 
absorption index is treated as a function of position in the 
lattice. It is suggested that the coefficient of incoherent 
absorption should be treated as constant, that of coherent 
absorption as a function of position. Accordingly the 
diffraction peak is unsymmetrical only for critical ab- 
sorption. 


45. Proton Diffraction by Vapors. H. J. YEARIAN,* 
Purdue University —The methods of electron diffraction in 
molecular structure analysis are inapplicable to molecules 
of low molecular weight because of the low scattering power 
of such molecules. Since protons should be scattered much 
more strongly than electrons, extensive experiments have 
been made to investigate their diffraction by molecular 
vapors. It was found possible to obtain diffraction patterns 
of CCl, but not of lighter molecules. The apparatus used, 
difficulties encountered, and principal results will be 


discussed. 


* This research was carried on while the author was holding a 
National Research Fellowship at the California Institute of Technology. 


46. Application of Trigonometric Interpolation to X-Ray 
Analysis. C. Lanczos ANp G. C. DANIELSON, Purdue 
University —The integral representing the intensity dis- 
tribution of x-ray diffraction in liquids can be evaluated 
by the method of trigonometric interpolation instead of 
approximating the integral by the sum of a large number 
of terms. This reduces considerably the number of ordi- 
nates required in the calculat: n without decreasing the 
accuracy. Asan example, the diffraction patterns of vitreous 
selenium and liquid KCI and LiCl, obtained and analyzed 
by K. Lark-Horovitz and E. P. Miller, have been inter- 
preted. For the curves so far analyzed, 36 ordinates were 
found to be sufficient. Owing to symmetry properties the 
Fourier coefficients can be found with a minimum of calcu- 
lation. This yields directly the value of the distribution 
function in discrete equidistant points. The value of the 
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function for any intermediate point may then be deter- 
mined in a simple manner by pure calculation. The result- 

‘ ing curves agree very closely with those obtained by Lark- 
Horovitz and Miller. 


47. Fluorescence, Absorption, and Discharge in a 
Mercury-Thallium Mixture. J. GiBsoN WINANS, FRANCIS 
J. Davis Anp Victor A. LeitzKe, University of Wisconsin. 
—tThe sensitized fluorescence of Tl was observed with 
apparatus like that used for tin.* All Tl lines reported by 
Cario and Franck except 6550 were observed. Excitation 
by 1854 from an Al spark with the mercury at low 
pressure gave the higher series Tl lines with greater in- 
tensity with respect to the lower series lines than when 
excitation was with \ 2537. At higher pressures of mercury 
the TI] lines 3775 and 5350 were the most intense for either 
1854 or 2537 excitation. Both excitations produced 
fluorescence bands with maxima at 6558, 5225, 4585, and 
3810. 2536 excitation gave one also at 4296. A Tesla dis- 
charge gave these bands with good intensity. They ap- 
peared only when both mercury and thallium were present.t 
All but 3810 showed resolvable fine structure. The ab- 
sorption spectrum of the mixture using a hydrogen dis- 
charge tube as source showed the line absorption of Tl 
and the one band 3810. The spectra showed fourteen 
absorption lines of the diffuse series and a band beginning 
at the series limit (2034). Beyond the series limit was a 
strong absorption band with long wave edge at 2008A. 
Additional absorption lines which did not fit the usual 
energy levels of Tl were found at approximately 2210, 


2277’, 2299’, 2337’, 2373, 2575, 2816’. Lines marked ’ may 
be due to impurities. 


* J. G. Winans and R. M. Williams, Phys. Rev. 52, 930 (1937). 
+ J. G. Winans and Francis J. Davis, Phys. Rev. 53, 930 (1938). 


48. An X-Ray Study of the Changes Produced in Metals 
by Fatiguing. RayMonp G. SPENCER, Albion College.— 
Carefully prepared specimens of several different metals 
have been fatigued, x-ray diffraction patterns being taken 
as fatiguing progressed. This report will be confinc d largely 
to the results obtained with malleable iron. When malleable 
iron is stressed in the safe range, x-ray diffraction patterns 
reveal no appreciable change in grain size or strain. This 
result is in agreement with Gough and Wood’s! conclusions 
but in disagreement with Barrett's? conclusions. When 
malleable iron is fatigued with a stress beyond the safe 
range, very marked changes are revealed by the diffraction 
patterns. Early stages of fatiguing often produce rotation 
of individual grains and some grain fragmentation. As 
fatiguing progresses, very marked lattice distortion of the 
crystallites becomes evident. Gough and Wood concluded 
that grain fragmentation down to a limiting size of 10~* to 
10~* centimeter preceded failure of their specimens. The 
author finds that the grains are severely strained just 
prior to failure but it does not appear to him that frag- 
mentation to the extent suggested by Gough and Wood 
occurs. However, it is evident that grains adjacent to the 
fracture are finely fragmented after failure. The author 
concludes that much of this fragmentation is caused by the 
process of rupture. 


1H. J. Gough and W. A. Wood, Proc. Roy. Soc. 165A, 358-371 (1938) 
? Charles S. Barrett, Metals and Alloys 8, 13-21 (1937). 
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